This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial-NoDerivs 3.0 License (www.karger.com/OA-license), applicable to the online version of the article only. Distribution for non-commercial purposes only. The expression and localization of several distinct glucose transporters (GLUT1, GLUT2, GLUT4, and SGLT1) was recently characterized in the parotid gland of normal rats by quantitative real-time PCR analysis, immunohistochemistry and Western blotting. The major aims of the present study was to compare the mRNA expression of these glucose transporters in both the parotid gland and submaxillary gland of control rats, streptozotocininduced diabetic rats and hereditarily diabetic Goto-Kakizaki rats. Methods: Quantitative realtime PCR analysis was performed in the parotid and submaxillary salivary glands and, for purpose of comparison, also in the heart, kidney, liver, lung, muscle and pancreas from control animals and either streptozotocin-treated or Goto-Kakizaki rats. Results: The expression of GLUT4, but not GLUT1 or SGLT1, mRNA was decreased in the diabetic rats. The results also allow comparing both the mRNA expression level of the four glucose transporters in salivary glands and six other organs, and the diabetes-induced changes in such an expression in distinct locations. Conclusion: The mRNA expression of the insulin-dependent GLUT4 transporter was the sole to be significantly decreased in the salivary glands of diabetic animals. The possible consequence of such a decrease in terms of the control of salivary glucose concentration requires further investigation.
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Introduction
It is generally admitted that the salivary glucose concentration is higher in diabetic patients than in control subjects [1] . Nevertheless, several factors may affect the relationship between blood and salivary glucose concentrations, such as the retention of alimentary carbohydrates [2, 3] and hexose utilization by oral bacteria [4] , to mention only two examples. The increase of salivary glucose concentration in the diabetic patients may participate to the alteration of periodontal health often prevailing in these patients [5, 6] . In a recent study, we investigated the expression and localization of several distinct glucose transporters in acinar cells of rat parotid glands obtained from normal rats [7] . The major aim of the present investigations was to compare the mRNA expression of GLUT1, GLUT2, GLUT4 and SGLT1 in the parotid and submaxillary salivary glands, as well as in six other organs, in samples obtained from either control rats, streptozotocin-induced diabetic rats and hereditarily diabetic Goto-Kakizaki rats.
Materials and Methods
Four Wistar rats, four streptozotocin-induced diabetic rats (STZ rats) and four Goto-Kakizaki rats (GK rats), all of comparable age (about 11 weeks), had free access to food and water up to the time of euthanasia, exsanguination and decapitation [7] . Diabetic STZ rats were obtained as described elsewhere [8] , GK rats were obtained from the Paris colony, initiated by the end of the 1980s [9] from the original Japanese colony [10] and maintained from that time at the University Paris-Diderot animal core [11] . Parotid and submaxillary glands, heart, kidney, liver, lung, soleus muscle and pancreas were removed and processed for quantitative real-time PCR analysis as previously described, according to the delta Ct method, the gene expression level of each mRNA being normalized to relative GAPDH (glyceraldehyde 3-phosphate dehydrogenase enzyme) mRNA [7] . Plasma glucose concentration in nonfasted state was measured using the method recommended by Bergmeyer and Bernt [12] .
All animal experiments were conducted in accordance with accepted standards of animal care as established by the French National Centre for Scientific Research Guidelines and Brussels local ethic committee rules and the European Communities Council Directive (86/609/EEC).
All results are presented as mean values (± SEM). The statistical significance of differences between mean values found in control versus either STZ or GK rats, as well as STZ versus GK rats, was assessed by the use of Student's t-test. As a rule, comparable information was obtained by ANOVA and Bonferroni's multiple comparison test.
Results
Body weight and plasma glucose
The body weight was significantly lower (p < 0.005) in GK rats than in control animals, whilst the plasma glucose concentration was much higher (p < 0.005) in STZ rats than in control animals ( Table 1 ). The plasma glucose concentration was also somewhat higher (p<0.025) in GK rats than in control animals.
Control rats
In the control rats, the expression of GLUT1 mRNA was higher (p < 0.001) in the salivary glands (1,210 ± 94.10 ; n = 4) and muscle (1.10 -3 ; n = 4) ( Table 2 ). The expression of GLUT2 mRNA followed a liver > pancreas > kidney hierarchy, with much lower to negligible values in lung, muscle, heart and the two salivary glands (Table 3 ).
In the case of GLUT4, the highest values for mRNA expression were found in submaxillary gland (74 ± 2 10 ) and liver (no more than 0.04.10 -3 ) (Table 4) .
Last, the expression of SGLT1 mRNA again yielded the highest mean value in salivary glands (1,313 ± 170.10 ; n = 4), followed by kidney (554 ± 34.10 ; n = 4). Such a hierarchy was similar to that found for GLUT1.
The data listed in Tables 2 to 5 also document that, in salivary glands, the expression of distinct transporter genes yielded, in the control rats, the following hierarchy: GLUT Table 1 . Body weight and plasma glucose concentration Table 2 . GLUT1 mRNA expression. a: p < 0.1; b: p < 0.05; c: p < 0.02; d: p < 0.01; e: p < 0.005; f: p < 0.001 versus control Table 3 . GLUT2 mRNA expression. a: p < 0.1; b: p < 0.05; c: p < 0.02; d: p < 0.01; e: p < 0.005; f: p < 0.001 versus control Table 4 . GLUT4 mRNA expression. a: p < 0.1; b: p < 0.05; c: p < 0.02; d: p < 0.01; e: p < 0.005; f: p < 0.001 versus control 1 > SGLT1 > GLUT4 > GLUT2 with a difference of about one order of magnitude or more between successive transporters listed in such a hierarchy. A different situation prevailed in liver and pancreas with the following hierarchy: GLUT2>GLUT1>SGLT1>GLUT4. In kidney, the mRNA expression was highest for GLUT1 and lowest for GLUT4 with in-between values for GLUT2 and SLGT1. Last, in muscle, the mRNA expression of GLUT4 largely exceeded that of GLUT1, with negligible values for both GLUT2 and SGLT1.
STZ rats
No significant difference in GLUT1 data was found in either the parotid or submaxillary gland when comparing STZ rats to control animals ( Table 2 ). In most other organs, i.e. in heart, kidney, lung and pancreas, the mean values for GLUT1 were lower in STZ rats than in control animals. Thus, in the former STZ rats, the recorded values averaged 45.3 ± 6.2% (n = 15; p < 0.001) of the mean corresponding values found in control animals (100.0 ± 9.9%; n = 16). In this respect, the two sole exceptions were observed in liver, in which the GLUT1 measurements were twice higher in STZ rats than in control animals (p < 0.001), and in muscle, in which GLUT1 measurements were at least one order of magnitude lower than in other organs.
Two individual values for GLUT2 found respectively in the pancreas and parotid gland of the same STZ rat exceeded the upper limit of the 95% individual confidence interval as derived from the recordings recorded in the 3 other STZ rats and, hence, were discarded when computing the mean values listed in Table 3 . Even when the GLUT2 value found in the parotid gland of this STZ rat (257.10 -5
) was taken into account, no significant difference was reached between the control animals and STZ rats. Incidentally, when taking all individual values into account, a significant positive correlation ( r = + 0.95; p = 0.05) was found in the 4 STZ rats between the individual data collected for the expression of GLUT2 in the pancreas, on one hand, and the parotid gland, on the other hand (n = 4 in both cases). No significant difference between control and STZ rats was observed in the case of GLUT2 in the parotid and submaxillary glands, kidney, heart and muscle. In other organs, the salient findings consisted in an apparent decrease of GLUT2 in the pancreas of STZ rats (p < 0.07) and an apparent increase in GLUT2 in liver and lung (p < 0.05 or less).
In the STZ rats, the expression of GLUT4 mRNA was decreased in the parotid and submaxillary glands, heart, kidney and lung, in which organs it averaged 52.9 ± 4.4% (n = 20; p < 0.001) of the corresponding mean values recorded in the control animals (100.0 ± 5.0%; n = 20).
It was not significantly different in STZ rats and control animals, whether in liver or muscle, but appeared increased in the pancreas of the STZ rats (Table 4) .
Last, as far as SGLT1 is concerned, a significant decrease in mRNA expression was observed in the kidney and pancreas. Such was not the case in other organs. For instance, in the salivary glands, the expression of SGLT1 mRNA averaged 1,313 ± 170.10 -4 (n = 8) in control animals, as compared (p > 0.3) to 1,091 ± 186.10 -4 (n = 8) in STZ rats.
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GK rats
In one GK rats, the GLUT1 value in muscle (596.10 -5
) and GLUT2 value in lung (682.10 -5 ) largely exceeded the upper limit of the 95% individual confidence interval for the readings recorded in the other 3 GK rats and, hence, were discarded from the further analysis of data.
The other results recorded in the GK rats were often comparable to those found in STZ rats. As a matter of fact, only the following significant differences were found between these two groups of rats.
First, in the case of GLUT1, the values found in kidney and pancreas were higher (p < 0.005) in GK rats than in STZ rats. Thus, in these two organs, as well as in heart, the mean values for GLUT1 yielded a control > GK > STZ hierarchy.
Second in the case of GLUT2, no significant difference was found between STZ and GK rats in any of the 8 locations under consideration. It should be stressed, however, that the mean values found in these diabetic rats were higher than those recorded in control rats in the parotid gland, liver and lung where they averaged 314 ± 48% (n = 21; p < 0.005) of the mean corresponding control values (100 ± 10%; n = 12), whilst a mirror image prevailed in the pancreas, in which case the values found in the diabetic STZ and GK rats represented no more than 19 ± 2% (n = 7; p < 0.005) of the mean corresponding control values (100 ± 30%; n = 4).
Third, in the case of GLUT4, once again no significant difference was found between STZ and GK rats in any of the 8 locations under consideration. The salient findings were the lower values found in the parotid and submaxillary glands, heart and kidney of diabetic rats, as compared to control animals, and the higher mean values found in the pancreas of diabetic rats, as distinct from control animals.
Last, in the case of SGLT1, the sole statistically significant difference (p < 0.05) between STZ and GK rats concerned the pancreatic gland. Even so, however, the overall value found in the pancreas of diabetic rats did not differ significantly (p > 0.4) from that recorded in the control animals. The sole salient finding consisted in the lower SGLT1 values recorded in the parotid gland and kidney of diabetic rats, as compared to control animals, the former values averaging 47.0 ± 2.6% (n = 16; p < 0.001) of the corresponding mean control values (100.0 ± 12.9%; n = 8).
Discussion
The present study affords three major new pieces of information. First, it extends the comparison in control rats between the level of mRNA expression for the four glucose transporters under consideration in salivary glands and six other locations. In such a respect, the present data are in close agreement with recent findings restricted to the comparison between the parotid gland and one selected positive and one selected negative control [7] . The results indicate that GLUT1 mRNA expression is one order of magnitude higher in salivary glands than in kidney or pancreas. Likewise, SGLT1 mRNA expression is also much higher in the salivary glands than in kidney or pancreas. In the salivary glands, GLUT2 mRNA expression is negligible in sharp contrast to the situation found in liver or pancreas. Last, GLUT4 mRNA expression is higher in the submaxillary gland, heart and muscle than in the parotid gland.
Second, the present results allow comparing the level of mRNA expression of distinct glucose transporters in the same tissue. For instance, the measurements recorded in salivary glands document a GLUT 1 > SGLT1 > GLUT4 > GLUT2 hierarchy, with a close-to-one order of magnitude difference or more between two successive transporters listed in this hierarchy.
Third, the present study reveals that GLUT4 mRNA expression was significantly decreased in the salivary glands of diabetic rats, as compared to control animals. Such was also the case for this insulin-dependent transporter in heart and kidney, as well as in lung at least in the STZ rats. 
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Another diabetes-induced change in mRNA expression in the salivary glands merit to be underlined. In the parotid gland, but not so in submaxillary gland, the mean mRNA level of SGLT1 was lower (p < 0.05) in the diabetic rats (699 ± 51.10
; n = 8) than in the control rats (1, 327 ± 361.10 -4 ; n = 4), at variance with a recent observation [13] . It should be stressed, however, that, in the latter observation, the sex of the diabetic rats (male rats), the diabetogenic agent (alloxan) and the reference gene (β-actin) differed from those used in the present study. Moreover, in the recent investigation reported by Sabino-Silva et al. [13] , the increase of SGLT1 mRNA in the parotid and submandibular glands observed in the diabetic rats contrasted with a lower corresponding protein content of SGLT1 in the same salivary glands of the same diabetic animals. Inversely, the mean GLUT2 mRNA was higher in the parotid gland of diabetic rats (41 ± 12.10 -5
; n = 7) than in the parotid gland of control animals (12 ± 1.10 -5
; n = 4), but such a difference did not achieve statistical significance (p > 0.5). Such remained the case (p > 0.2) even after inclusion of an abnormally high value (217.10 -5 ) recorded in one STZ rat. As a rule, the results recorded in the present study in other organs than salivary glands, were in fair agreement with current knowledge, whenever available. For instance, the high level of GLUT2 mRNA expression in liver and presumably endocrine pancreas of control rats and the opposite effects of diabetes to increase GLUT2 mRNA expression in liver and to decrease GLUT2 mRNA expression in presumably endocrine pancreas are indeed consistent with current knowledge [14] .
Although the diabetes-induced decrease of GLUT4 mRNA expression in salivary glands should not be ignored, the present results suggest that an alteration of glucose transporters expression in salivary glands may only represent a limited determinant of the increase in salivary glucose concentration usually prevailing in diabetic patients [1] . Nevertheless, further functional investigations are obviously desirable to assess whether changes in selected aspects of glucose transport may possibly coincide with the present findings.
